Background: Stroke is a leading cause of mortality and disability across the globe. Emergency Medical Services assess and transport a large number of these patients in the prehospital setting. Guidelines for UK ambulance services recommend recording a 12-lead electrocardiogram in the prehospital environment, providing this does not add to significant delay in transporting the patient to hospital; however, this recommendation is not based on any evidence. Methods: A systematic review was conducted to search and synthesise the literature surrounding the use of prehospital electrocardiograms in acute stroke patients, focusing on the prevalence of abnormalities and their association with prognosis and outcome. Online databases, references from selected articles and hand searches were made to identify eligible studies. Two authors independently reviewed the studies to ensure eligibility criteria were met. Main outcomes were presence of abnormality on electrocardiogram, mortality and disability. No studies set in the prehospital environment were found by the search; therefore the eligibility criteria were widened to include hospital-based studies. A total of 18 studies were subsequently included in the review. Results: Although the prevalence of electrocardiogram abnormalities appears common in hospitalised patients, their prognostic impact on mortality, disability and other adverse outcomes is conflicting amongst the literature. There is a lack of research surrounding the use of prehospital electrocardiogram in acute stroke patients. Conclusion: Future studies should be based in the prehospital environment and should investigate whether undertaking an electrocardiogram in the prehospital setting affects clinical management decisions or has an association with mortality or morbidity.
Introduction
Stroke is a severe neurological disease which can lead to death or serious disability. It has been estimated to be the second most common cause of death 1 and third most common cause of disability-adjusted life years worldwide. 2 Emergency medical services (EMSs) play a vital role in the recognition, assessment and transportation of stroke patients in the prehospital setting. 3 Due to the nature of the disease, the benefit of treatment is time-dependent. 4 For patients suffering acute ischaemic stroke rapid hospital admission and early intervention are essential to increase the chance of a positive outcome; therefore any unnecessary delay could be potentially harmful to the patient.
For EMSs in the UK, the Joint Royal College Ambulance Liaison Committee (JRCALC) 5 guidelines recommend the clinician consider performing a 12-lead electrocardiogram (ECG), provided this does not result in a delay in transporting the patient to hospital.
The benefits of recording a prehospital ECG in patients with stroke are unknown, thus the recommendations are based on expert consensus rather than robust evidence. 6 This study aimed to systematically review the literature surrounding the use and impact of prehospital ECGs in acute stroke patients, focusing on the prevalence of abnormalities and their effect on prognosis and outcome.
Methods
The review of this report was designed in accordance with the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines. 7 
Search strategy/data sources
The electronic databases Medline, psycINFO, CINAHL and the Cochrane database of systematic reviews were searched to retrieve relevant articles. The search strategy can be found as Supplementary Material online. The search was conducted on 29 December 2013.
The reference lists of retrieved studies were searched. Hand-searches of key journals were conducted. Contact was made with experts and authors in this field and conference proceedings from Web of Science online database were searched in order to uncover any unpublished or grey literature.
Study selection
Titles and abstracts were screened independently by two reviewers (SFSM and VK) in order to select potentially relevant studies, after which full texts were obtained for further analysis as to whether they met the inclusion/exclusion criteria (see below). Any discrepancies between the two reviewers were resolved by discussion, with a third reviewer consulted if no agreement was reached.
Relevant data were then extracted from the retrieved studies using a customised data-extraction tool (see online Supplementary Material).
Inclusion criteria
• Articles relating to the prevalence, detection and prognostic significance of ECG abnormalities taken in the prehospital environment from acute stroke patients; however, no prehospital studies were identified, therefore hospital based studies were included;
• 
Results
The search strategy yielded 18 relevant articles that were included in the review. The articles were grouped into three themes ( Figure 1 ). Due to the heterogeneity of the designs, population groups and outcomes measured, it was deemed not feasible to undertake a meta-analysis.
Non-specific ECG abnormalities in stroke patients
A total of seven articles were found to investigate nonspecific ECG abnormalities in stroke patients (Table 2) .
When comparing prevalence of ECG abnormalities in subtype of stroke, atrial fibrillation, non-specific T wave abnormality and T-wave inversion are shown to have a significant association with ischaemic stroke, while sinus tachycardia and ectopic beats >10% show an association with intracerebral haemorrhage (Table 1) .
ST-T changes were found to have an association with mortality across the different subtypes of stroke. 8, 9 ST-T changes were also found to be associated with other outcomes such as elevated levels of troponin T (TnT) 10 and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (β=76.5, p=0.011). 11 Heart-rate corrected QT interval (QTc) prolongation was reported to have an association with involvement of the insular cortex (odds ratio (OR) 10.9, 95% confidence interval (CI) 1.0-114.6) as well as presence of intraventricular blood and hydrocephalus on admission computed tomography (CT) scan (OR 10.8, 95% CI 1.6-70.9). 12 Atrial fibrillation was reported to have an association with three-month mortality in ischaemic stroke patients (OR 2.0, 95% CI 1.3-3.1). 9 There was also an association with mortality and the presence of a Q wave in two or more leads 13 (hazard ratio of mortality 3.42, 95% CI 1.43-8.19; p=0.013).
Sinus tachycardia (OR 4.8, 95% CI 1.7-14.0), ST depression (OR 5.3, 95%CI 1.1-24.9) and inverted T-waves (OR 5.2, 95% CI 1.2-22.5) predicted mortality at three months in intracerebral haemorrhage patients. 9 Belvís et al. found no characteristic ECG pattern to identify patients with cryptogenic stroke. 14 
Insular cortex
The insular cortex has been hypothesised to play an important role in the occurrence of ECG abnormalities following acute stroke, due to disturbance of sympathetic and parasympathetic tone, the interconnections with subcortical autonomic centres, limbic system and hypothalamus and the release of catecholamines causing myocardial damage. [15] [16] [17] This group of literature provides conflicting results as to whether insular infarcts are associated with ECG abnormalities. Pasquini et al. 18 results showed that there was no statistically significant difference in terms of ECG variables between patients with and without recent insular infarcts, as well as no difference between patients with right or left insular involvement.
The remaining studies found insular lesions associated with sinus tachycardia (>120 beats/min) (p=0.001), ectopic beats >10% (p=0.032), ST elevation (p=0.011). 19 Prolonged QTc and left bundle branch block (LBBB) were independent predictors of all-cause mortality at two years in patients with right insular involvement. 20 After combining the results from each of the studies, this review found no ECG abnormality to be significantly associated with insular involvement or no insular involvement; however, due to the small numbers involved these results should be interpreted with caution (see online Supplementary Material).
QTc and QTd
The final theme presented in this review focuses on literature examining the relationship between acute stroke and the presence of prolonged QT intervals corrected for heart rate (QTc) [21] [22] [23] [24] and QT dispersion (QTd) ( Table 3) . [25] [26] [27] [28] While QTc prolongation was shown to be associated with mortality up to approximately 90 days by two Afsar et al. 25 found that while QTd is increased in the first 24 h following stroke, the case and control groups presented with similar QTd measurements in the 72-h ECG. Another study reported QTd was longer in patients that had suffered an acute ischaemic stroke, compared with controls (QTd 60.6±25.1 ms vs. 48.8±13.2 ms, p=0.03). 26 The results of one study showed that compared with the most recent pre-stroke ECG available, a statistically nonsignificant mean increase of 4.1ms (p=0.14) in QTd was found following acute stroke, with no relationship with stroke subtype or location of stroke. 28 
Discussion
This review set out to investigate the prevalence and prognostic significance of ECG abnormalities found in prehospital stroke patients. The literature search identified no relevant studies based in the prehospital setting.
It is still unclear whether there is any discernible value in conducting an ECG in stroke patients presenting to EMSs. The UK guidelines do not provide an evidencebased reasoning behind their recommendation, nor has this review found any such evidence to back up the recommendation. The potential benefit or harm as a result of time delays from conducting the procedure in this population of patients is unknown due to the lack of evidence.
This review recommends that a study be performed in order to answer the following question: in acute stroke patients assisted in the prehospital environment, is having a 12-lead ECG, compared with no 12-lead ECG, associated with treatment decisions and outcome? While it was clear that ECG abnormalities are prevalent amongst hospitalised patients, the frequency and prognostic impact on different outcomes vary amongst the available literature. Methodological limitations and heterogeneity in study outcome and design made comparison between results difficult; therefore it is not possible to draw firm conclusions.
A limitation to many of the studies in this review included the use of small samples and single centre, retrospective studies. Well-conducted, larger, multi-centre experimental studies could produce more precise results. Many studies do not report CIs, providing only descriptive statistical results.
Lack of reporting of basic information such as sampling methods, inclusion/exclusion criteria, definition of variables and potential confounding factors was common amongst the studies, leaving ambiguity over the strengths and limitations. Following reporting criteria, such as the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement 30 would increase the transparency of the research.
Different outcome measurement tools were used among the studies, such as the modified Rankin scale (mRS), Glasgow outcome scale (GOS) and the Barthel index. Using one or a standardised set of validated tools would allow easier comparison between the studies. 31 The limitations of this review include the exclusion of non-English-language papers, as some relevant articles may have been overlooked. The heterogeneity of the studies included in the review meant that a meta-analysis was not able to be performed. There is a strong risk of bias in many of the studies due to missing data, lack of blinding and not adjusting for potential confounders.
Conclusion
There is heterogeneity of research design and outcomes measured and in the existing body of hospital-based literature. Although the prevalence of ECG abnormalities in the hospital environment appears to be common, the prognostic impact on mortality, disability and other adverse outcomes is disputed. Due to the variable quality of the studies in this review, no firm conclusions can be drawn.
There is a paucity of research investigating the use and impact of recording 12-lead ECGs in acute stroke patients in the prehospital environment. Future studies should evaluate whether this assessment adds to patient management or outcome and whether it should be routinely advised in this population of patients.
